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(54) PROGRAM ANALYZING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To precisely and 
correctly analyze a data flow of a program by 
providing a step for deciding whether or not a 
predicate is added to an execution statement 
and a step for deciding whether or not 
definitions are killed. 

SOLUTION: When a sentence which is currently 
processed is a definition sentence of a variable 
v, deflist as an arrival definition list is updated, 
then newdef is defined as v to be processed 
(S101 1). It is decided whether the newdef has a 
predicate (S1102) and when so, the predicate is 
denoted as (p), which is added to a def predicate 
set (S1 104). This predicate set is a set of 
predicates added to definitions appearing after 
def. When the predicate set of the updated def 
includes the predicate of def, the def is excluded from the deflist (S1 105 and 
S1 106). Namely, the def may be considered to be killed. 
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SPECIFICATION <EXCERPT> 

[0025] 

FIG. 3 shows the processing procedure of the compiler 208 that 
operates in the system shown in FIG. 2. In syntax analysis 301, lexical 
analysis and syntax analysis are performed on the source program 206 
that is inputted, and the intermediate code 209 is outputted. In 
data-flow analysis 302, data-flow information that is necessary for the 
compiler processing described below, such as reaching definition 
analysis or live variable analysis, is gathered. In if-conversion 303, the 
intermediate code 209 is inputted and converted to a predicated code. 
In predicate graph creation 304, the predicated code that was 
generated in if-conversion 303 is analyzed, and the predicate graph 210 
is created that shows the predicate relationship. In predicated 
data-flow analysis 305, this graph 210 is used to carry out data-flow 
analysis. Predicate graph creation 304 and predicated data-flow 
analysis 305 are the characteristic parts of the present invention, so 
they will be explained in detail later. In optimization 306, optimization 
such as register allocation or instruction scheduling is performed based 
on information obtained in predicated data-flow analysis 305. In code 
creation 307, the intermediate code 209 is converted to the object 
program 207 and outputted. 
[0026] 

FIG. 5 shows an example of the intermediate code 209 that the 
compiler 208 outputs. This corresponds to the example of the source 
program shown in FIG. 4. The intermediate code 209 is generated by 
syntax analysis 301. The intermediate code shown in FIG. 5 is 
expressed as a graph in which basic blocks are connected at the edges. 
This kind of graph is called a control-flow graph. In the graph, 501 to 
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509 are basic blocks, respectively, and the edges represent the 
transition between the basic blocks. Each basic block is made up of a 
collection of statements. 
[0027] 

FIG. 6 shows an example of the results of performing 
if-conversion 303 on the intermediate code shown in FIG. 5. In 
if-conversion 303, the non-repeating parts of a plurality of basic blocks 
in the control-flow graph are selected as the target of conversion. In 
this example, the basic blocks B3 (504), B4 (505), B5 (507), B6 (506) 
and B7 (508) shown in FIG. 5 are selected. After if-conversion, these 
basic blocks become a basic block B3 (604) as shown in FIG. 6. 
Statements in this basic block B3 (604) in which predicates appear will 
be explained. For statement 608, the conditional equation x > 0 is 
determined, and the resulting truth value is set as predicate pi. For 
statement 609, when the value of predicate pi is true, that value is 
substituted for v. When the value of pi Is false, no substitution is 
made. For statement 610, only when predicate !pl is true, or in other 
words, only when pi is false, substitution for v is executed. For 
statement 611, when predicate pi is true, the truth value resulting 
from determination of the conditional equation y > 0 is set for predicate 
p2. When predicate pi is false, false is set for predicate p2. For 
statement 612, when the value of predicate p2 is true, p2 is substituted 
for a. 
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FIG. 3 
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S3 0 3 *WiOfcB*©-W*jS-r. i f Sdfe 3 0 3 

«CB. H5©»*^PjfB 3 (5 04 ) . B4 (5 
05) , B 5 (5 0 7 ) , B6 ( 5 0 6) , B7 (50 
8) WW**, i fSSftft. Chf>OS*^Ojji 

30 B> SeiC^TJ:^^ 1o©I$7d 3 (6 0 
4) 4fr£. C©l*7'd7JB 3 ( 6 0 4 )icisi5 
r, 7 - br-f v-- F^tti^-ra^tcot^T^Hjf 4. X 
6 0 8 -CB. iMx > 0 MtU -?-©M*©aiIfil 
4r7 - Ur ^ dr- F p HcKS-T4 0 *6 0 9 TB, 7 - U 
r -f ir- F p 1 ©ii*JS©»^H: v^©ftA*Hfi-r 
5. p l©ffi*sft©«^CCBftABllff3tiiil>. ^6 
1 0 T'B. 7l^r -f T— F ! p 1 *JH. SP<3 P 1 
a^fcS»VN©ftA*§l1f3h4. X6 1 1TB. 7 
Vta V- F P 1 ^©ii^ctt^ftSCy > o ©TOM 

40 ^(D-MMB^y'iyf A f r-Yv2^%ti,. Vta 
dr- F p 1 J&Jfc©jt£tCB, yixr -f dr- F P 2 ^Cf^?: 
1 2T'B. 7'b^^dr-Fp 2©ffi^ 
©*§£tt a -s©ftA*^7-r 5 . 
[ 0 0 2 8 ] *3m<0#&V$>Z7\s?'< dr- F 
?57M3 0 4fe«tO'7'br ^ dr- H^f-*7D 
-IW3 0 5©&ffi#W{C^UTM^BJf S. 
[0 0 2 9] C Ct*B7Vf -f dr- F©SftS:tt Tb = 
(^frS) i f a J 4li*>JK (FlxBS:6 1 1)T 
§7 - l/f dr- F KOl^TglB 1 IfiffK U^ilton^ 

50 t,>fc©4-r-2)„ r i f aj (D%mttt£i>Wi'£>bfo& 



(6) 
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(<*tRt'«6 o 8) . t©t§£k:B, r i f tru 

EJ 4 filmic ] (D7'Uf -f T- h&tf^X^Z 

[0 0 3 0] S7ic. 7'Ur-f 7-- FT^ffiSS 0 4 
-CftfoLlcV Vr -i ^-b?772 1 OOWI^T,, * 
W*S6©S!^S{c*fItiLr^-2>„ H7Kfc^T. 7' 

T 7- F7 0 ] Bi*UOTRUE7'bf^- F 

i^lcU^mi^mt^y^r -iT- 7* 10 

^it, ^bf^-KDi (a, b) AJSaBa^c* 
h. gfcBaA'bt-t^Stl-g^B. 7l,f^-Fa* 

«r a ©SSIW<*©iB 4 «* A. 7Uf^-F ©S«3t*i 
rb= if aj £l>5»t**4*. b 

*5Si i4 6©B a #*©*£«: K4!"p6 a B b K^S ft 
@7T'tt, ^»^6 1 1 KMlSLTp 1 -p 2©x 
?y, 11^5 7- F 7 0 2*6 7 0 4 'vS^Hfcx ■> y*s 20 
B&*ra»S. Ii^#©i7y»pi ! p©ra«c3B 

[0 0 3 1 ] CWJ^&T^-f -< 7-- htfyy&ftmh 

0 7'bf^-F©MW*>htf, *©HMRtt. 
fr ^JHMt-C^^^ya- 'J >yi»fl6<OB»K«|-c 
cfticj;'), 7'U7w7- Fttfc©=i-F££tj 

w^ife^**-^-- >; >y&4-©*a{fc©a& 30 

[0 0 3 2] B8(C. 7- F 7*7 7fFJ?£3 0 4 

©^a^jfi^^-r. 

[0 0 3 3 ] ^T77'80 1TB, TRUE7'Uf^ 

7- F 7*7 7©Jl/- F 7- F£ tc&. 7,7- v 78 0 2t 

*U7T-5 0 abftBT-f 5 7"8 0 3Ccjt&, &©££$ 
^UJb-C^Ji^mi-r^o Xf";7-8 0 4ttt, 
©^7'Uf-(*--F0^1i!i>i'^, BP-feftA*-C7i 40 
aaS7W^-FT&S*4*3fr£«rrS. 7*bf" 
w 7-- F ©3£»T& wn«7' U-r ^ 7-— F 7*57 m&© 
M*t^ i & 6 &1>©T7 f-s^802KRl3. #©£ 
CD^ii*^^. 7b7v7~F©?£#T£ftB7.7-'7 7' 
8 0 5fcji#, ^-©S«5;©7ia©7-lxf : -<7--F?:p 

[ 0 0 3 4 ] 7'8 0 6T\ l^^M*fHi 0Tl> 

7' -f 7-- H^ta*>iT^*»*«3&i-*. 7' 
bf^- FW#^6B-e©7 , b7 s -f-7— F*q4L. 
T.f-^7'8 0 7'MtA,T\ 7W-f7---F7 , 77±©q 50 
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©7-F£$B7-F'4-r&„ C©4#q©7- F tt« SC 
im%&v WCtM*t, 08 ©MS^JiT B* © 
J:9!tcJIWCX#WaiSn4«li«:®£0ri»4. £© 
^IDI^AS*©^ 9 ft-'feft^ft LT l»ftl,>»&J{:B. 
q © 7 - F tfiMtmU 6 B C ©£©Ma% Wltq© 

8 0 Bt7bf^ dr- FWtt^^ii^ictt^r ^7'8 
0 8^ji*. TRUE7"U-r-f 7"- F©7- F£Ut7- 
F4-T-S. Xf';7'8 0 9ril, 7l/f^-^57 
_hTp©7- Fi^fiJETS. 7,r 77'8 1 0T*B, 7r 
7 7'8 0 7 ^fcB8 0 8 Ofclfi 7- F*6, P © 

[ 0 0 3 5 ] 7r v 7'8 1 1 T'B. Ii)Ftt©7'0?'7 

U r -f 7"— F 7*7 7 tc 7 - F fcfHST SjiaW 
*£©T\ ^5 78 1 2f ! P©7- FfcfPfiSL. 7. 
T-;7'8 1 3rp©7-F4 ! P©7-F4©IW{tfiSI 
£BBftX ? 7T778 lit?! p©«ffl*Sfc 

l^*?,l»ttXr7 7 , 8 1 3 ©mB, tea*f^©7b 

7— het«aetic»-}-4»i3WI*7l/fc<0'r. xr 
■7 7' 8 0 2 tcM 9 > 5K©X*^»ftit,TiHI*tttf 

[0 0 3 6 ] tLtCE 8 ©««l#JB®iftiJ8?:«7-rS. 
*A5a^JBtC^t,^ H 6 ©*fflgSK*t LTS 7 ©7Ur 

-f 7-- f 77 7 &m?$-r ^m^-o^xmmth. 

[ 0 0 3 7 ] tr\ 7f'j7'8 0 1W- F7- F7 0 

0 l-6 0 7B7 , bf ; '-f7--F©?t#-CB^l>©r7 7- 
7 7'8 0 5 K: Bit X6 08©^a-C, 7fs7 

7 7'8 0 6-cB7'uf^- n4*-ctti»4we-r*o 

■C. 7f77'8 0 8, 8 0 94jl^, pl©7-F7 0 
2*ffiiSL/. 7f7 7'8 1 0TV-F7 0 1*>67-F 
7 0 2^©^P8ffix»jP*J3Rit,h4. 7f v7"8 1 1 
T! P l©«i*J*4*dr9*>t«^. *6 lOlCfffl 
*5*5©TXf 7 7' 8 1 2Kjl*. !pl©7-F7 0 
3*ffiBS-rS. 7r 7 7"8 13T7-F7024 7— F 
7 0 3©P B 1ic» H^Bfl#x -7 y*KS. 

[0038] 3 ^^^^©^a^i^w, 1 1 ©Ma 

•C. 777 7"8 0 4T7l/7^ t-- F p 2ffl5EiT'*5 
4f!l^-rs 0 7777806t7bf^-FpH# 
-r'*-5 4¥lJSS*l.2.©r' 1 7t"7 7'8 07^31*. pi 
©7-F 7 0 2*^7-F4-T6„ flt7f7 78 0 
9-Cp 2©7- F7 0 4£f&&U 7f-7 7"8 10Tp 

1 ©7- F 7 0 2*6 p 2 ©7- F 7 0 4 'vS^H&x 

^■3©*©^a^w, ^a*^7f 5. 
c©,^m, I7©7i77^ 7- F7*77*^jS§nSo 

[0 0 3 9 ] feLhT 7-U7 r ^7--Fi/57f^3 04K 

PB-r**?ii**7-r*. 

[0 04 0] ^K. 7'l/f-f7--H1§7-^7a-B 



#i3 o b <Dmmmmi-o^xmmcwiwt ecru 
7bf^-m^f-$7a -WW©-*?! at, §y 

[ 0 0 4 1 ] B9K, fijai3£«S?«fO«!SI^**^-r. 

[0 042 ]Xf-;7'90 1TB. ft»^P7*B«: 
*tOT. JgBrJKtt* en (B), kill (B) *Wt% 
T4. gen (B) BSf£S*7'c ^B^feor^U 
2;h5;E«©3l£. kill (B) BSW»^DjJ 

[0 04 3 ] *f-«, 7*9 0 2TB. @iflCSL/cf-* 
in (B) *7 7 a 7'«3I"&©7-£7 0-- 

■^sscojs-a twm-chz. w % . &s# -/n ? * b «: 

ftbTx » v^MD ft#e>, §S*7'p 5 2 B©APic 
SJ»r4Sg»Oft^-r*i i n (B) ittJCJitSiJilTS 
Slffli^jout (B) i^m*sbr^<„ p 

RED (B) B. m^7V"jZB<D\M.m<D&*7ayt> 
(Dm-g^bi,. in (B) B. S#7*n v V B©itB>i© 
S*7*d^ *P©o u t (P) ©sffi-S^icfta. out 

(B) B. gen (B) £ (i n (B) -k i 1 ] 

(B) ) £©ffl»£K: ft -5. 

[0 044] ^f^7'9 0 3rtt, •§£#7*P 9 £B«C 
ftOT, ^fj?9 0 2t*ftfcin (B) £S(-t. £ 

*^n»*Brt©4^jca»att«s-r4. c© 

[ 0 0 4 5 ] 0 1 0 t-C, ^f'^'gOl ©ll#fflft^Ji€ 
ftKia lOtt, 1 -9©S^7*o a ^B^©^J1 
t4K^©®S^Ji4^U/cfe©-C$)S 0 SI 0©&7r 

[004 6]^f^7'1001 •CttE«<0«^-C*4 g 
en (B) fcitfk ill (B) . Wta^t 
- h©H£p s e t 4£*£fcinffl{frr.&. 

[0 047]^f 5 ^1 0 02T, feiI*tm©g#7'P 
7 7 B ©5fcBl5:£JK *) tBf „ ?7'1 0 0 3 ftt. » 

CCTBf§f©fcS), n©^v(OMiC-31,>t 

f-^'i o o 3 ~c v ©gut? ft ^m^at c ©^ ©ms 

*&»7U ^f-f 7*1 0 0 9ftjitf. v©5"e»T*4>£*1 
■&{c«-e-©g||£d i U ?7'1 0 0 4(Cjitf„ X 
f » 7" 1 0 0 4 Tit. gen ( B ) icgftd £iiftnr 
S. ^f?7'1 0 0 5T». v©SIS:*5 7l/f-< ^r- 

7' 1 0 0 6 OCii*, ^"Cft^Jt-^fcBXT- 7 710 0 
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9 icmti. 

iOOU]^f';7'1 0 0 6 Tii, v ©gaxictt (,» 
Tl>£7*Ur^ 7"- F£*£p s e t (iilfln-fS, Xr 
5 7*1 007711. pset *stl* ( p s e t 
Bp s e t ©J5H^tt*^c]£Arf 4ti^^^5 c tIJt 
a>£*5!M4. p s e t*©& 7* U7vdr-h 
©ffi*si fcftSfri'5#-&iS^ftKJ:*^ ) -C*4*£ 

5 e HJt-C*ntf. ^r-;7'l 0 0 8i-Cjt#. ^-"5 7 ft 
10 l^iCt^f 5 7*1 0 0 9(Cl^ 0 

[0049] 7 r 9 7* 1008 TB, ki 1 1 (B) K 

v©^r©ga©ft^^i§gL. w?7i O0 9J<iil 

tt t v©it©£li«, I ^MS^JCL. 71^7*0 
7'^A:£&4Hc;&£ v©^T©Si|fflt£T'&£ c IX >D 
fflbW^L-f^- htt#TftUif£, fcJ;L>'7*U 
r ^ lr- htt*/c#p s e t £M!H©*§-£B. ffeC^g 
iB+J^tlStiffliLtk ill ( B ) iLWtMt&t 
ls"5C£"t?*-5„ 7T771 0 0 5T'7*Ur ^- 

^Jni3hri,>s£*i!ij5£Lfc«^'C*o*rp s e t#tl* 

20 t».^i«^tt. tea»**t'*5v©3E-fi©!J[-SfJCCi!iaily 
fcffi*fttt*/i/3ft&l>Ci«:&3. 
[0050]Xr^7*1009 TB, 'JXDJuifib Zip £" 

9*>**ujeu ftwn«^a-sr^7t-5. **h«*f * 
7i o i otcji^, »®s:**K*5fflL. ^7-57*100 

[0051]H1B. Xf57*903 ©ilJ^SR^g© 
&a#*©*#ffl*SUfcfc©r*.5. *t#fc[lltt, lo 
©S^T-D 9 47 BKStrSiija*t«R5£o«ia#|ia?Sr^ 

30 -f 5. JitT. a i ©§x^'v7*(co^Ti^-rs 0 

[0052] 7f-;7l 0 1 t'B, d e f 1 i s t £ i 
n (B) KiU-ftHMM-a. *?* a 7* 1 0 2 ttt. 
7a 9 7 B ©5fcsI££IK *9 tJBT „ 7 r 9 7 1 0 3 T*B, 
IX 5 tH L, fcX* v ©ffiffl # * S *> £' 5 *>£1I*H 
3. *5t|^l»©ffiMuseiU Xf5 710 
4Kjttf. ftUJi^tCB^ 7-9 7*1 0 9(Cfitf„ 

[ 0 0 5 3 ] 7f 9 7*1 0 4^67: r 9 7*1 0 8B, 

l/f^-Ff^T'tria-F*6&57'Di7'5A©i 
40 ffitB, *-5g«d e f fimmu s e KiijaTSi^© 
us e£d e f £<DWlk.&&ifi$>2>±^ 3 } C £{Cftf3i!| 
*C««^«:A*h4£fi»***S*». C CfB7*U7-f dr 
-ffl*©&©©«*TT-abS©t?. y'UTjSr- V(Dm 

s e id e f ©M^iC7'Ur-f 7-- l-WKiiHtl 

sm^micxnzsm^Mi^ z-r ? 7*1 0 4- 1 0 8 

tt^©«fc 5 tt*Hl-t?*HJtse««^*|JB£Lri>4. 
[0 0 5 4] if7,f 57*1 04 -CB. d e f 1 i s t 
50 ^K^SCgm^iS^i'^^^ili^S. *5«^tC 
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B^©*®S©^ft£ J -^OtBLTd e f £U 7t~ 
7 7' ] 0 5 Ccjlif. ftHtl^CB^f 5 7' 1 0 9 icl 
is. 7X7 7'1 0 5ttt. use*7'Uf^- 

©$jst whmmtpojzwfisT j hi? 

^i" 5 *>&f3-<£. * v-T(fcS*l£iC B*©7 - 
-h«rp 1 iUT, 7f77'l 0 6Kiitf 0 ^5Tfrt,> 
t|£{CB7r 7 710 8iCjttf„ 7r -J 7" 1 0 6 TB, 
d e f ] i s t #©5E»d e f^l/f^ -7- htftfr 
i'SfrfcH^S. ^5 T* tcB* ©7" U 
F^p2ibt, 77-77 1 0 7 ItHtr. ^T&t>« 10 
£iCB7f 0 8iCjtff„ 
[0 0 5 5 ] 7f 7 7'] 0 7ttt, 2o?)7'l/f^- 

ihlftf^l 04icM«3. #©£»*» otai/tai 

IMftW£„ ^^WW^?^ 7108 l,tmt!: Q 7 
7-77-108 TB, u s e ©SiJiiSIS WKtdef^ 

iijmu 77771 0 4t,cmir:x<oj£m<DmMma 

[0 0 5 6] 7f77'l 0 9ttt, Ml*©tAstiv 20 

©SSfcfcT * ■£ ifi i" $ *>%*ii5Ef i> . 0 t & -a t§£ tc 

B7t"7 7'1 1 0iCjt#, ^©?a7T7 7'l 1 UC3t 

ts. zs-cb^msmtzj-yfi 1 licittr. 77-7 

71 1 OT-H, SiJii7E^©y7 hT*5def 1 ist 
^t-77'1 ] 0iCjtfr©B, fivOSi 
£icd e f 1 i s t#iiJjlL/t:t§-£T;&-2>. £©*§•£. 

iI3r©MfiTBd e f 1 1 s t*2*£fc-r 
b#>U CC-Ctt^l/f^-H^OtCOlStf 
T*£©T, WUf^- b©IW#&j?.&#e>d e 30 
f 1 i s tiHSrf *©S91*JEI l l© 

#JiT&*. 

[ 0 0 5 7 ] 0 l 1 iC, 7-r 7 7 - 1 l 0 ©&M^JH©f¥ 

HBfcijVf. filT, HI l©ft^f-?^tWBf4. 
[0 0 5 8] 77-77-1 1 0 1TB, WMHt*Sv 
©Sl^newde fit*. 7f7 7'l 1 0 2TB, 
newd e f YtiZifif 

y'ur a >r~- T*-St|-&iCB, ^©7'ur-y 

7--h^piLr77-77 , l 1 0 3iCjtt?c *5T&t,> 
i§£icB, 7 f 7 7* 1 10 7 'Njiir. 77-771 1 0 3 40 
t'B, d e f 1 is ttC5|5jffli©53R3&J*5*>t*5*>* 
fjf^, ftftB^©! o£d e f ibr7r7 7'l 1 0 4 
icj!t? 0 & ttti B 7 r 7 7" 1 1 0 8 icjtt?. 
[0 0 5 9 ] def 1 i s ttCjRTS&jeade ftt. 

*n-eti7"bf ; -(d7--hsi^{s}#L.Ti^ 0 s^ii© 

7'br-f T- tmSte. (@^ic^^Tl^ii7'U-r -/ T 
- t-TB&O S^JiOaKJBtonftiJEftfctO^U^ 
^7~h£l|i*fck©T*S 0 7fi>7*l 1 04TB, 

d e f ©7brw p£fln£&. c©7br 

-f7-Ti§£B. de f «fci3ta(c3Hto*ifc5e«K:#< 50 
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■/^-lOl^Tfei, 77-771 1 05TB, 
77 7 7'! 1 0 4TM$rL/cd e f©7'Uf^-H 

def©7'bf^-l ^^af h tp i" 5 &>£¥lj 
Sti, 7'Ur -<7- hMi7't^f^- h©f?B©S 
^M&©#iffiiC-X>TB$T!BB8-r&,, 

B77-7 71 1 0 6iCjla, *^Tfrt,>*£&CB7f-7 

7 1 1 0 3 'zmZ, 77 7 7 1 1 0 6 TB, d e f 1 i 
stHde f d e f ©7'Urw dr- MfS£ 

^def©7'Uf^-hmt^ftf), defli 
stHdefllifLtJ:^. tfttt. defiH 

mcmnic^moy uf^-i- 7bf^- 

m#©^*«d e f ©7'Ur-< 7-- h <fc<97m>©T, 
ft* bmti1c%m<D b tOthMt l @B^t 5 iifc t 
C^CiKttO. d e fBW^nfciLTgl^f>T 
7 f 7 7"! 1 0 6©$. 77-7 7'] 1 0 3itg? 

[ 0 0 6 0 ] 7 r 7 7' 1 107 TB, d e f 1 i s t * 
£ 'J 7 hiC-fS. 7777 1 1 0 8 TB. n e wd e f 
Jdef I 1st iCiijD-r^. H 1 1 ©feliTB. 7f 
77 1 1 0 2Tn e wd e f #7"br -t >r- t-tt#T<fc 
Stl^T*-3T. 7 7 7 7 1 1 0 5TNoiCj|tF*£ 
B. newdef ©SfiJiCSiJ;! Lfc^S ( d e f 1 i s 

tog*) B+^^n^^cifcJi*. 
[0061] w±tei 1 1 (Dmrn^mcom^mib. 
mi ©^ii*Ji©!^tcK^,„ 

[ 0 0 6 2 ] 7 r 7 7' 1 1 1 TB. »*7"D 7 7rtGC# 

Z>. $>tiB7f 7 7 1 1 2icjt^, »©X*B19WC. 
7f 7 7'1 0 3KH»)«Hi'*it»S. 
[0 0 6 3 ] tt±TH 1 ©SiJ»3£«RS©«lffl#W©Stt 

[0 0 6 4] «±TSftH U/t, BIO, 01, 
1 1 ©*aamB©*T. 7' 1x7-^7-- hKMTSBB»% 
*iJ7Ebfc„ 77 7 7'] 0 0 7TB7"U7-y 7-- hM-Stf 
WM Hp t" *> A>©*iJ;e, 7 f 7 7' 1 0 7 TB 2 -3© 7 U r 
^-1- tfSMftfri" ^ *>©*IJS. 7f 7 7' 1 10 5TB 
7'1/f-i 7- h i7'bf ^ 7- hft^©H©'a$M^© 
(JIT, Cil^ORIW^JBWrS^ffiK: 
-«SiC7'br -< 7-- h©IBf^te-r 

s^fti ltb, 7'ut ~4 t- b<Dmigkft^(Dmmt 

«tS*ffiji**43&«. CCT1i7'br^-^772 1 
0 ©x 7 ytMfflLfcfWra&fcjJ^*. 
[0 0 6 5] ST'^7JiC2-o©7*Ur ^7- b©gFffiM 
^Col^Ta^S. 2-o©7'Ur-f7--f p 1. P 25C 
fcfLT, r p l;55K^f>Bp2Bmj rp2«& 

6«p 1 3&j»tcfiS02-3«^K: p 1 i p 2 turn 

tikmmc & 4 1 1 » *> . ^#S;ic ± a»#f©iS^. p 1 © 
M^ic*^ 0 

f 0 0 6 6 ] 0 1 2 ic, SMSHfiMftffl©«kS^ie*^ 
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f . »IITiJ2-3(D7lf^- h p 1 4 P 2#BN6 
T&£*p4'5*>£We1-"£. m&ty' UT^ir- h #5 

[ 0 0 6 7 ] *f ? y 1 2 0 ] TB, P 1 4 p 2 tfffig 
£fffl<rc&£*45#>£PK& c 7bf^ 4r- 7 

*^M#x 5 6 i 4 ■ 5 frrffljg-r a. m 
m-£M%-chz>m^wAT"jy\ 2 1 okm*. m\t 

BM&T?* 4 i £Ji£ L T MI £!*7 1- 4 . * 5 rfc I 
KB^f-r^l 2 0 2lciO„ 
[0 0 6 8 ]XT77'12 02TU pl^pit^ 
Xf';7'1 2 0 3m pfStt £S#£>-2>ft>. EP*> 
^■7 7±f p ©>- K~.©SSM{£x 5 W&htiX O 
S*5*SB-4S. ^fti-i^r 2; 7*1 2 0 4icil#, -?•©« 
^piT-S. aWhi^f -;7'1 2 0 6(cit^ 0 7f'j 

i>, fr^X-h&ig&ULUZT-j 7' 1 2 1 0fcjl#, gfffe 

ictt^r v y' 1 2 0 3 4CR',, S$M{f©*i*ii4MS 

[0 0 6 9] Zf--jy'\ 2 0 6*6] 2 0 9 JTU * 
f 7* 1 2 0 2 t!p6 1 2 0 5 £ T©MS© p 1 4 p 2 4 

7-1 2 0 7 'C&SHfc©*#& <ftofc6Xfs7'12 
1 1 p 1 4 P 2»SH6Wflk"Cai>i«!EUT« 

[0 0 7 0] £LtCH 1 2 ©MI1«!©I^£&7T 

[0071]^^, y"UTjir~-hm£ic~D^xma? 

T'Ur^-l-Mp set - (pi p 

n) 4 or, &g?ii©j$3i5£#©fn£ 

*tlt3-&4. P s e t©(Si*fl:*ittfcStiTl>Si 
*, p s e tBJtr*4iBfit. 
[ 0 0 7 2 ] 0 1 3 tt. tBH^Ufw H*£8Hi© 
«BI#J«*wLri>S. IS£p s e ttftlJUB, p s 

Wc£9fi^££ffirr*;&a;4UTtt. S7Uf^ 

J r~ b ©j£AZ*#©fn# i {c^s*4'^*>*p^ntf«t 
l\ tta^Jirtt^Ur ^- b ^7(Dl*^i v 

[0 0 7 3 ] Xf-yy'I 3 0 1-Ctt, 
£rt©2^©£*©ffl£-&*>tf*K:, *h?)OS»4!« 

»y#*4a»£-5*>4lll'<4. ffl*^HftK:*SiH**S 
oiPofcWf-jT'l 3 0 2-Nji*, SJtT?*S4*iJS 
ITW^^Tti. ^©a^tffciB^fcBg. ttfll 
-^M#©li*5'Mo* fcii^rK tt^r-;7'13 0 

[0 074] S14B, 7"Uf.fir- b P#:7'Ur 4" 

- h H£ tca^ $ n a a> 4* ^ *q # ^ 3 ^ 
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7Uf^-l-i7^-( Hl^©^ 
Mftteo^TH. fi&££#©$5»K: i OW^-f -5 C 4 

[0075] -j y' 1401 x\~t s m 1 3 ©Ma^Jt 
vcmw 7'bf^7- bs##tMJt*p4* 5 

b. 7-T ->y\ 4 0 8~.j*&. ^$(Hf^C*5 4flJgU 

io 2^iiij\ 

[0 0 7 6 ]Xf';7'1 4 0 2 X'iti. WmmG&X 

ifia&fr£'>tp*:!m.t&. &&m£MZ7,f->yi a 

0 3^jttf. fr^Jf-^CBXr 3^1 4 0 9Kjta, ^3 
-BH9»t ^ ^ 4 *IJS L r ®S£H73- So 

[0 07 7 ]7f-;7"1 4 0 3T'tt, 7'1/f^-H 
£©*«Hl©giR* loffifjfflL. 

[0 07 8]7r77'1 4 0 4*6Xf'j 7' 1 4 0 7 
{2. 20©7"l/f^ h5g©^H^. IP^qiip* 

20 4 0 4t, p©^- b*£p 1 4g<„ 40 5 
T». pi -\©-a#x » *J1fih & *> 4 5 ^i^fflS-r % . 
ftUt^KBXf 7' 1 4 0 2 KMD . ^©fiSR«r»» 
JC«a*tf ^. *3«£ttxy 5 7 1 1 4 0 6 X 
f^l 4 0 6tB ( •USX <✓©$!,/- K%p 1 4T 
S. ^r^7'l 4 0 7-Ctt, p l3&Jai<fLl>*»i*9 4» 

**jj£-r a. * ^t^si^c b q a P ©s^x s 

iio/c^ - x±K*D. qttp'Er^TS©^, ^f^7' 

1 4 08^jl»ftdH«IC*4iflS«. 

[ 0 0 7 9 ] «lT7'bf^- b©H««?«f©*tt© 
TTt>, 

[0 0 8 0 ] ^K. E4©7*cii'7A^K, fcLkTiB, 
Wl/fci«ffi»©jS?*f©«iffilS*a^5. «K*tm4 

fts^raiittii 6 ccth ofc ^©-r^a. v *»«T*f*© 

H8*©dl. ulSti'B, v©S3£». 

[008 1 ] S9©Xf";7-9 0 1-CB. H 1 0©MS 
40 SRfcfitl*. SBfJ114©lft£*tf5. H6©B3£W© 

nfci^'k i 1 1B^*^4&S. **7*a^^B3© 

[0 0 8 2] Xr^7'1001 -elTJffi-fb^tf L\ *r 5 

7 - i oo 2r5tii©^6 o e^Mffi-f. 7f»7io 

0 3©f«3£r, X6 0 6Bv©3EafrC*S©-C, Xf 3 
7 - l 0 0 4iCii^, gen ( B 3 ) K^d 1 ^iiJDt 
5. COiSI, gen (B 3) = {d 1 } 4&4 C 
7 71 0 0 5T3t6 0 6B7'l/f^- htt£t-C£t»4 
50 ^JSSiT.-S©!:-, Xf-^l 0 0 kill 



(10) 

(B3) = (d 1 , d 2, d 3) if 

[0 0 8 3 ] M±-VX6 0 6<D!mifiW7?Z><D-V. 31 
#^#S6 0 7, 6 0 8 iteS^f t/>. 
■77 1 0 0 4icii-rS„ CCTgen (B3) = {d 
1, d2) £6 0 9B7'Ur^- htt^f* 

&©-f, 7 7'] 0 0 6ftii#. p s e t = {pi} 
£%£„ ^f-;^1 007TB, H7 ©7'U-r -< b 
*7 7 £5fljffl LXm 1 3 ©«a#*K:Sei\ pset# 
MJia>£5*>%*!j£-r*. P s e t tt^5fi# 1 -ofjrCD 
f. ^T77'130 1 tl 10 

XTSct>iWt3*i. W-^l 00 9-sjttf. 

[0 0 8 4 ] ^KX6 1 0©»attf 5. ^r^7'l 0 

0 4 T\ gen(B3)={dl, d 2 , d 3 } £ & 
■£>. 7. 7-9 7*1 0 0 6Tp s e t= (p 1, !pl) i 
ft 0 . X r 7 1 0 0 7 -VlMMiP £* 5 JiP**iJ£f 5 . H 

1 3 ©x? 7* 1 3 o i x-ffiM-smfavm ( p i , ! p 

1 ) fcH/otfa©?, P s e t {JtaH*^t2HE3h 
S. Xf v 7" 1 0 0 8 "Cli, k i 1 1 ( B 3 ) = ( d 
1 , d 2, d 3 } #HB§5£3ft&, 

t o o 8 5 ] jtf, &x<DiemiWi&ifiv(Dfewtm 20 
ton^^o lot, ^vKSst-rssHffflitt^©^ 

», gen (B3) = (dl, d2, d3], kill 

(B3) = {d 1. d 2, d3] ttti. 

[0 0 8 6] Xf5^9 0 2Tf-i(7n-*I 
5£&fg<. i*^D?i>B3K:*t(Ji n (B3) = 

{d 1, d2, d3) *s**6na. 

[0 0 8 7] Xf^903-C, Hl&J-.O'Hl 

1 <D%m^Mlcm\ SJjtSattSBETi. S$7-ci9 

[ 0 0 8 8 ] X r 9 7 - 1 0 1 -C52, d e f 1 i s t = 30 

{d 1, d2. d3) *JRJI3ttS. 

[0 0 8 9] 5gK©S:8 0 8BvOS«S:T*S©-C. 
AfyT'l 1 OT'd e f 1 i s t©K&r*ff5. Xfj 
7 1 1 0 IT*. jZmd l^newdefifc<. new 
deftJ7'l/f-(^'-FMT&l,i(D'C 1 7s -f 9 7*1 1 

0 7-^jI&, d e f 1 i s t = {) £&•&. 

^7*1 10 8!Cj:tl, d e f 1 i s t = { d 1 } £ ft 

So 

[0 0 9 0] iXKie 0 7 ©^liiCiitf,, £6 0 7 iCW 
v©ffifflu 1 #S&S©-C7s-f 97*1 0 4Klji#, def 40 

1 i s t*©je«d liwomor^f-vT'i o 5^ii 
tf. £6 0 7«7'bT ; -'^"h#tr*fti3©r*X7-5 7' 

1 0 u l©S'MSaB {dl) £&£. 7.f 

7" i o 4 . d e f i i s t fcjmmvmmfiu 

HfDW f-;7'10 9 'vjt*. * 6 0 7 ©*ftS4J*7"$' 

S. 

[0 0 9 1 ] *fcv*a[ife*l**tt*6 0 9-C*5. £1 

©javcsiitftscr, xr^'i 1 o-cd e f 

1 i s t ©Mif^f ^>„ W^'l 1 0 l?d2£n e 
wdefi*5<„ Xf-;7'110 2t7 , l/f^-l-ff 50 
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tifiJ^L. Xf97"l 1 0 3^gtf. 1 0 

3Tlidef 1 isttOdl £1M tB1" „ Xr yy 1 
10 4T. d 1 ©7'Ur ■< ir- vm£lcX§ 0 9©7"b 
f^-hpl^MS, dl©7uf^-hi^j 

(pi) £&S„ dlBT'l/f^-hWfJt^W 
f. d)©7'l/f^-h*TRUEifjL. ^f-9 7' 
1 1 0 5T1JTRUE* {pi} iC'e2^i?ft£#>£"'5#' 
HI 4©^JI^Iifc^^, ^Ztite^t 
PmtZ><DX\ 7s 7-7 7" 1 10 3-^K5„ d e f 1 i s 
UC*&S©gf^ft<,>©T\ 9 7 - l 1 0 8^1 
t?„ d 2 * d e f 1 i s t icftjx.. d e f 1 i s t = 

(dl, d 2} £44. 

[0 0 9 2 ] *KX8 1 0 ©^11^7-5. CCittv© 
Sft£T'&£©T\ Xf 9 7*1 1 OT'd e f 1 l s t© 
M&f*fi5. d3!i7'bf^-f-#tt*5(Dt, X 
f'j7'110 1, 1 1 0 2*m.XX7- 9 7"1 1 0 3^it 
t? c d e f ] i s t f©£iid 1 ^m^tHf. ^T9 7 - 
1 1 04td 1 ©7'1/f 4 h'SI-^cd 3©7'Ur -f 
^"H Plttx.^. dl©7Uf^-l-*^i 

{pi, ! p 1 ) £&£„ 7f-;7'l 1 0 5t?d 1©7" 
1/f^-HRUEiMpl, ! p 1 ) ic^ZftZfr 
Z'tfrZHfeTZ. ^f9 7*l 4 0 1 T7'bf^ T- Y 

■2>©T. 7s f 9 7* 1 1 0 6 Scitt?,, 7. f- 9 7' 1 1 0 6 
T, def 1 ist*6dl £«-f U d e f 1 i s t 
= {d 2} £?■•&. Xf7 7'l 1 0 3Ng|*h d e f 1 
i s t*©5Ettd 2 4BXDttJL-CMa^^* 0 7f5 
7 - l 1 04t*d { ! p 1} £ 

St"}. 7f7 7'l 1 0 5-Ctt / 3,^Ltn>t'$m?Z. 7. 
f 9 7" 1 1 0 3 (CR p . d e f 1 i s t (c**SJI©£* 
Ittl'OTXf 9 7' 1 10 8^Jitf. def listK 
d 3 U deflist={d2, d3}£& 

[0093] e 1 2 ©tea*siwr S. *r 9 7" 

1 0 4td e f 1 i s tdacD^ad2*m i 3tti-r. 7.r 
7 71 0 5Tu2©7'l/f^-hiip2, *T97*1 
08td 2©7Uf^- Kip lWWUSCi* 
MSU 7, r 9 7' 1 0 7 ^iitr . Xf 77'10 7TB@ 

1 2icmK p 2 £ p i tmmm%-ctj:^tm^f 

&„ 7r 9 7*1 0 8-xjt&, u 2 ©fiMSafc d 2 SrTJD 
A4„ ^{CXr9 7 - l 0 4^M-P, d e f 1 i s tcp© 
SSId3^a?!5tti-ro ^7-97*1 07T-, u2©7"br 
^^-hp2£d3©7'Ur-f7--h ! p imm&£ 
^iPim^i. mi 2©^II#)l|{Cfe^T. Xt-7 71 

2 0 l-C2o©7 , Uf i ^-Jr-htt1i*^| - ]^t?ftt,J© 
T\ 7-r 97 - l 2 0 2JiljIfr„ T^f 9 7*1 2 0 3Tp 2 
<ir^-rsa7"L'f : ^-5r-hp 1 lrl-7(«. Xf-;7' 

1 2 0 5-cp i £ i p wtmm^mmch^t^mL. 
P 2 £ ! P i \mmmm'hz,tm%-$z,. m^x, x 
7-97"i oix®mm%t.¥m-i-hox\ d3«ie^ 
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WcttJna.fcfrf, ^f^l04^R9, def 1 i * 
s t tfiffltilMi«*t'*^©f, v r? 1 0 9 

ito 0 £©*££, u 2 mm^mz { d 2 } 

[0 0 94 ] ^5c^6 ] 3©iaa*SilBi'a. def 1 
1 s t#©£j|d2, d 3K^-r^^S^fc^r i xf- 
y-71 0 5-Cu 3H7'Uf^- htt^T&t^iffiE 

JDx. -S. £©*&£, u3©§ijasai3: id2, d3} £ 

[0095] «±Kiftia ufcjiaacws*. v ©&<£jes^ 10 

©§i]ift£«tt. u] : (dl), u 2 : (d2) , u 
3 : {d 2, d 3} £&&„ CtllJ, 05 ItCmLIc i f 
^itf©#IUfigK>tf OT^W -t F£*«L&t>a 
£©]Bffi*ffr>fc*£Kf#&fta*£££|gc-C*a. c 
©•£!>{<:, ^Uf^ - H1£3- K^tf^a^A 
Kit U T & IE L i^ijasa*** 3 C £ #T £ 5 Of, 

[ 0 0 9 6 ] Ja±-CH6©*HfSlcM-r4«lffiag<3DSi 
IB**?**. 20 
[0097] 

[»W©fl!i*] *»WK«thtf. HI*© 
3- F£#fr-/nd^A©-f-*:7B-$ffifctel>T. 

f-^P-JW$«KCi^^„ Sfc. 2 

©H££ 1 o©7'Ur^^- F©r H 1©IB^%B?*TT^C 

[ 0 0 9 8 ] JB#r<0«IJSlP]_hCDS*, JIWT*S**ffl^4 

* f 90 0 *-y ^ - ij > ^ft i-©*J|{b 30 
©*!i*#±#*> . * n^- F©J^TtM£fr±fc 
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02] *»WC«SI?*T*ffi*ffll.»ft:='>vs^7*i8 
03] *^CCft5JSUr^ffi$ffll,»?t3>^<-f 7©« 
@4] y-^.7 - D^7A©-^jrs>-5„ 

06] 05©7'o^7AicWUT ] fg»£BfflU 

07] K©M^*MW1"-£)fcS)©7 , UT 
f 7^ft)S©^il^Ji^^-r 0 

09 ] xmMmzmmmcmzimjimBtto 

010] *«MKfiiS)K«T^ffi©iiJ»E»»f*rlc*jW 
011] *#6BKttS«traffi©SiJii£a#$rK:*$tf 

isja^ft';^ f-s$?©^fi^Jt!£^ 
012] *nw«*aKte»i,7'i,f^- 
©SHSHft**m-r sas^/Bs^f . 

0 13] fcSEfcfcSJBtlWffifcteU-C. y'^f-i^r 

1 4 ] *^ia{c«s«i«*aicfcwa-y uf= ai- 

0 5, 106 • • •^Uf^-FOJ-x-;?, 10 
7 • • • VXstiT- h<Dmb9xy9. 2 1 0 • - ■ 
^r^-bi^?, 3 0 5 • ■ ■ - htt 

tf-^D-|9i, 901 • • -^ffKttOKS. 9 
0 3 • • • £iJii5E«©i£5E, 1 1 0 5 • • • ^ ir 



[07] 

r— X 701 

70 4£ r: 
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[112 ] 




[H4] 



(i=0; i 




V = 10; 






2; 


if (x > 


0) 


v = 


Z; 


if 


(y 




a 



} 

b = V; 



N; i++) { 

/* di */ 

/■* ul */ 



/* d3 */ 
/* u3 */ 



[H3] 



^7 7M 



r 7 
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,801 




(11/ - K) - (q) I |(«^"K) *- (TRui)j 

I ' * n ^809 

I t: , r 810 




[Yes 

| 8p<P/->gfEj£ f 



9] 
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^BrJSttgen{B) I kill(B)Sa£ . 



in{B)= U pePRED(B) out{P) 
out(B) = gen(B) U (in(B) - kill(B)) 
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[012] 




P - (gri/f^- h) 
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